Observations show that massive star formation quenches first at centers of galaxies. To understand quenching mechanisms, we investigate the thermal and nonthermal energy balance in the central kpc of NGC 1097-a prototypical galaxy undergoing quenching-and present a systematic study of the nuclear star formation efficiency and its dependencies. This region is dominated by the nonthermal pressure from the magnetic field, cosmic rays, and turbulence. A comparison of the mass-to-magnetic flux ratio of the molecular clouds shows that most of them are magnetically critical or supported against gravitational collapse needed to form cores of massive stars. Moreover, the star formation efficiency of the clouds drops with the magnetic field strength. Such an anti-correlation holds with neither the turbulent nor the thermal pressure. Hence, a progressive built up of the magnetic field results in high-mass stars forming inefficiently, and it may be the cause of the low-mass stellar population in the bulges of galaxies.
Cosmological studies show the importance of feedback in evolution and quenching of star formation in the Universe. Caused by star formation (SF) or active galactic nuclei (AGN), feedback and its nature cannot be understood neglecting the environment where SF and/or AGN interact with, i.e., the interstellar medium (ISM). Simulations have been mostly based on the thermal feedback, i.e., thermal radiation pressures and thermal winds from supernovae (SNe) or AGN [1, 2] . However, the nonthermal components of the ISM; magnetic fields, cosmic rays, and turbulence (with SNe and AGN as one of their production sources [3, 4, 5] ), can be more important energetically than the thermal gas in the ISM [6, 7, 8] . This motivates precise separations of the thermal and nonthermal ISM as the first step in dissecting the origin of the feedback [9, 10] and unveiling factors controlling the formation of massive stars.
Molecular clouds, as the stellar nurseries, evolve in the ISM due to dynamical forces caused by gravity, turbulence, and magnetic fields [11, 12, 13, 14] as well as stellar feedback [15, 16] , whose relative importance could possibly change depending on the location of clouds in a galaxy. This is actually the key point addressing where quenching begins in galaxies. Observations show that almost all quenched galaxies have a prominent bulge and a super massive black hole (SMBH) [17] and that star formation quenches first in galaxy centers [18] . This suggests detailed studies of the ISM in centers of galaxies undergoing quenching. Nearby galaxies hosting the most powerful astrophysical phenomena such as AGNs and starbursts are ideally suited to catch in the act of quenching of massive star formation. Hosting a Seyfert 1/LINER nucleus [19] , NGC 1097 (D= 14.5 Mpc; 1"= 70 pc, [20] ) serves as a perfect prototype: With a color of [B-V]=0.85 [21] , NGC 1097 belongs to the 'green valley' population of galaxies showing an ongoing quenching [22, 23] . It has yet a prominent star forming nuclear ring that has been the interest of a number of studies addressing its star formation rate, gas, and dust (e.g., [24, 25, 26] ). The ring's magnetic field is the strongest in a nearby galaxy measured Figure 1 : The nonthermal synchrotron emission from the central kpc of NGC 1097. The color map shows the observed HST-WFC3 Hα emission. After de-reddening and correcting for contamination by the [N ii]-line emission, the Hα map was used to trace the thermal radio (free-free) emission. Subtracting the thermal radio emission from the observed VLA radio continuum data at 3.6 cm [27] , the nonthermal synchrotron emission was extracted (contours). The contour levels are 0.25, 0.4, 0.6, 1.0, 1.6, 2.5, and 4 mJy per 2" beam, respectively. The Hα map was convolved to the resolution of the radio data before separating the thermal and nonthermal emission. using full polarization radio continuum observations [27] . Taking advantage of available Very Large Array (VLA) and Submillimeter Array (SMA) observations combined with Hubble Space Telescope (HST) observations, we characterize the thermal and nonthermal ISM, investigate the ISM energy balance, and present a systematic study of the star formation efficiency and its dependencies at the center of NGC 1097. With a star formation rate of SFR≃ 2M ⊙ yr −1 [24] , the NGC 1097's nuclear ring is producing massive stars less efficiently than many other starburst rings [28] . Understanding what reduces this efficiency in a galaxy experiencing quenching further provides important hints on the formation of low-mass stars in the central galaxies observed [17] .
Results
The radio continuum (RC) emission at cm-waves is a dust-unbiased tracer of the energetic ISM components, the magnetic fields and cosmic ray electrons (CREs). It also traces the thermal ionized gas emitting the free-free emission in the radio. Separating the two RC components, the nonthermal synchrotron emission from CREs (a power-law radiation, S nt ∼ ν −αnt ) and the optically thin thermal free-free emission from thermal electrons (S ff ∼ ν −0.1 ), is the first step characterizing the ISM. We mapped the thermal and nonthermal RC emission from the central kpc region of NGC 1097 at 3.6 cm using the most precise separation method available (Sect. 3, Fig. 1 ). The thermal fraction (f th = S ff /S RC , with S RC = S ff + S nt ) changes between 24% and 64% in the nuclear ring with an average of 40% ± 3%. The southern ring is mostly nonthermal in nature: The thermal fraction is ∼ 35% in the southern clumps, while ∼ 58% in the northern ring on average. The very central region (R < 0.1 kpc) also appears as a nonthermal source (f th <20%) possibly due to an AGN jet [29] .
The thermal and nonthermal RC maps provide measures of the ISM physical parameters, the Figure 2: Magnetic field and molecular clouds. The equipartition magnetic field strength B mapped in the central kpc of NGC 1097 is by a factor of 3 stronger than average B in normal star forming galaxies [9] . The origin of such a strong field is an open question (see Fig. 3 ). It is relatively stronger in denser molecular clouds traced in CO(2-1) line emission (contours). The contour levels show 3σ, 4σ, 6σ, 8σ, 10σ, 13σ, 17σ, 22 σ with 1σ = 2.3 Jy kms −1 per 1 ′′ .5 × 1 ′′ .0 synthesized beam of the SMA observations [24] . On the map, we also label the GMAs listed in Table 1 .
thermal electron density of the warm ionized gas (WIM) and the magnetic field strength, respectively (Sect. 3). In the nuclear ring of NGC 1097, the thermal emission leads to a WIM volume-averaged electron density of < n e > = 2.0 ± 0.1 cm −3 . This translates to a dense ionized cloud density of n e ≃ 40 cm −3 (Sect. 3) which agrees with the dust-unbiased far-infrared line ratio measurements in the center of NGC 1097 [30] , indicating the reasonable reddening laws used in our method. < n e > is larger than that found in the Galaxy (∼ 0.02 cm −3 [31] ) by 2 orders of magnitude. Table 1 lists < n e > as measured over the giant molecular cloud associations (GMAs) in the ring. The map of the equipartition magnetic field strength B shows that the ring is strongly magnetic with B changing between 50 and 80 µG and a mean of 62 ± 2 µG (Fig. 2) . This is about 13% higher than the mean value of ∼ 55 µG given by [27] . In between the ring and the nucleus, B reduces to 40 µG on the average. The field strength is the largest at the nucleus with B= 90 ± 3µG. Subtracting its ordered part following [32] , B appears to be mostly random in the nuclear ring (B ord /B∼ 10%). 
ratio of the kinetic energy density to magnetic energy density, < n e >: volume averaged electron density, β: ratio of the thermal energy density to magnetic energy density (= E th /E b ), and Σ SFR : star formation rate surface density. The symbols ⋆ and refer to this work and [24] , respectively. The uncertainty is 0.01 g cm −2 in Σ H 2 , and 0.06 cm −3 in < n e >. Both statistical (1 σ) and systematic calibration errors were propagated to estimate the total uncertainties in B, µ, E k /E b , < n e >, and β. The magnetic field in the center of NGC 1097 is by a factor of 3 stronger than its average in normal star forming galaxies (a median of 13.5 ± 5.5 µG in the KINGFISHER sample, [9] ). The origin of such a strong field is an open question. One general theory to explain the galactic magnetic field is the small-scale dynamo converting kinetic energy of turbulence to magnetic energy [33] . Using a SNedriven dynamo model with B ran /B ord = 2 − 3 [3] and assuming equipartition between magnetic field and cosmic rays, [34] obtained a relation between B and the star formation rate surface density (Σ SFR ), Figure 3 : Magnetic field and star formation activity in GMAs. The equipartition magnetic field strength B does not scale with the star formation rate surface density Σ SFR unlike in galaxy disks (e.g., [32] ). The dashed line shows the theoretical proportionality of B∼ Σ 0.3 SFR as expected for amplification of B in star forming regions [34] . The magnetic field coupled with gas is likely enhanced due to the gas flow to the center and as a result of local shear and shocks [35] . The blue and red points show the narrow-and broad-line GMAs, respectively. The errors in B show both statistical and systematic uncertainties. The horizontal error bars show the uncertainty in Σ SFR given by [24] .
A similar relation between B and the global SFR has been observed in nearby galaxies (e.g. [9] ). However, according to this relation and using the galaxy median values as reference (e.g., B∼13.5 µG, SFR∼ 1M ⊙ yr −1 from the KINGFISHER sample [9] ), the SFR must be ∼75 times higher than its actual value of 2 M ⊙ yr −1 [24] . More surprisingly, B is found to be almost anti-correlated with Σ SFR in the GMAs (Fig. 3) and hence it cannot be attributed to the star formation feedback. The magnetic field must have been enhanced due to a strong gas compression and/or local shear [35] in the galaxy center. Models should be modified for such an extreme condition with B ran /B ord ≃ 9 (in the ring) and accounting for turbulence inducing sources such as dynamical pressure and shocks due to gas flow to the center and amplification due to a gravity-driven turbulence [36] . In spite of its origin, the presence of such a strong magnetic field could possibly change the ISM energy balance and further inserts 'a nonthermal ISM feedback' controlling the molecular clouds and formation of stars. These are further discussed as follows.
Discussion

ISM Energy Balance in The Ring's Volume
The ISM physical state and structure formation is controlled by a balance between the thermal and nonthermal energy densities. The energy content of the ISM is set by the thermal gas, turbulent motions, and the nonthermal pressures inserted by the magnetic field and cosmic rays. The energy density of the magnetic field is E b = B 2 /8π. In case of equipartition between the CREs and magnetic energy densities, the total nonthermal energy density due to both CREs and B is E nt = 2 E b = B 2 /4π. In the nuclear ring of NGC 1097, we find a mean nonthermal energy density of E nt ≃ 5 × 10 −10 erg cm −3 .
The thermal energy density of the ionized gas, 2 n e kT e , is estimated for WIM (T e ≃ 10 4 K)
and n e determined in Sect. 1. Assuming the pressure equilibrium between the warm and hot ionized gas with T e ≃ 10 6 K and an electron density of ≃ 0.01 n e [37] , the energy density of the hot ionized gas is about the same order of magnitude as the warm ionized gas energy density. Hence, in the ring, the thermal energy density of the ionized gas is ≃ 8.3 × 10 −12 erg cm −3 (for < n e > ≃ 2 cm −3 ) and smaller in the nucleus. The neutral gas is mostly molecular here (the inner 1'.6 region of NGC 1097 is HI-deficient, [38] ). The average ring gas mass of 1.7 × 10 7 M ⊙ obtained by [24] is equivalent to a mass surface density of 1.7 × 10 3 M ⊙ pc −2 for a CO-to-H 2 conversion factor of X CO = 3 × 10 20 cm −2 (K km s −1 ) −1 . However, [24] caution that this factor overestimates the gas mass in the Galactic center by a factor of 2-5. Our study in a similar barred spiral galaxy, NGC 1365 [39] , resulted in a X CO value of 1 × 10 20 cm −2 (K km s −1 ) −1 in the central 4 kpc region using which leads to a mass surface density of Σ H 2 ≃ 0.6 × 10 3 M ⊙ pc −2 in the nuclear ring of NGC 1097. The thermal energy density of the cold neutral gas (T=20 K, [24] ) is hence ≃ 10 −12 erg cm −3 in the ring with a width of 300 pc as measured in Sect. 3 (ρ = Σ H 2 300 M ⊙ pc −3 ). The warm neutral gas with a typical temperature of ≃ 6 × 10 3 K has roughly the same thermal energy density as the cold neutral gas, due to a ≃ 100 times smaller density [37] . The total thermal energy density including the contribution of the warm, hot ionized and the cold, warm neutral gas, is hence E th ≃ 10 −11 erg cm −3 in the ring volume.
The kinetic energy density of the gas turbulent motions, E k = 1 2 ρ σ v 2 , depends on the turbulent velocity σ v . Using the intrinsic CO(2-1) line width δV int given by [24] , we obtain σ v = δV int / √ 8 ln2 ∼ 20 km s −1 (same σ v is obtained using the ALMA-HCN observations [25] ) yielding a turbulent energy density of 2.5 × 10 −10 erg cm −3 .
Hence, in the nuclear ring (and generally at R < 1 kpc), the ISM is controlled by the nonthermal and turbulent processes as E nt E k > 10 E th . This conclusion is not affected by the major sources of the uncertainty, i.e., the assumed T e for the ionized gas and the adopted X CO factor for the molecular gas. Fluctuations in T e (5 × 10 3 K T e 2 × 10 4 K) would change the WIM energy density by less than a factor of 1.6 (taking into account the dependency of < n e > on T e ). Any variation in ρ due to the X CO factor changes E th , E k , and E nt similarly (E nt ∝ ρ taking into account the magnetic field-gas coupling of B∝ ρ 0.5 ). Thus the inequality E nt > E th is unaffected by the assumptions used.
The center of the galaxy is then occupied by a low-β plasma (β ≡ E th /E b < 1) and the turbulence is supersonic as E k /E th > 1. The supersonic motions of the turbulence are Alfvénic as the Alfvén speed V A = B/(4π ρ) 1/2 is larger than the sound speed c s = (kT K /2.33m H ) 1/2 (with T K the kinetic temperature and m H the Hydrogen mass) by more than one order of magnitude in the nuclear ring. Hence, the ISM is in favor of the 3-D MHD models with a Mach number of
What Controls Nuclear Star Formation
An interesting feature in Fig. 2 is the clumpiness of the magnetic field in the nuclear ring. These clumps globally coincide with the molecular clouds and the GMAs traced by the CO(2-1), and CO(3-2) line emission, particularly in the southern ring. (The Spearman rank correlation between B and Σ H 2 of the GMAs is r s = 0.56 ± 0.07.) This conveys an important message: The synchrotron emission can trace the magnetic fields coupled with not only the ionized gas but also the neutral molecular gas down to the GMA scales. Such a correlation between the pure synchrotron emission and Σ H 2 had been shown before at a larger spatial scale of 0.6 kpc in NGC 6946 [32] . More generally, a correlation between the observed radio continuum emission and the molecular gas emission holds in galaxies (e.g. [40] ). The nonthermal and thermal properties of the GMAs including B, σ v , and < n e > listed in Table 1 allows uniquely a statistical study of the impact of the ISM and the star formation feedback in cloud and star formation and further help evaluating the theories. Modern MHD numerical experiments show that massive stars form in a slower mode in a stronger magnetic field [11, 12] . To compare the star formation efficiency of the GMAs, we obtained the star formation rate per free-fall SFR ff , that is a dimensionless efficiency (Sect. 3), and investigated its variations in the sample. The SFR ff is particularly lower in the southern ring where B and σ v are both higher (Fig. 2 and Table 1 ). Do the GMAs with a lower SFR ff have a stronger B or σ v ? Figure 4 shows that the SFR ff decreases with B (r s = −0.93 ± 0.01 for the narrow-line GMAs), while no correlation holds with σ v or E k (r s = −0.24 ± 0.5). Moreover, no decreasing trend is found between the SFR ff and the thermal pressure (E th ) tracing the star formation feedback. The tight correlation between the molecular gas depletion timescale τ d and B (Fig. 4-c) shows a slower formation of the massive stars in a stronger magnetic fields. This provides a robust observational evidence for the theoretical predictions [11, 13] in a sample of clouds in a galaxy center. It is worth noting that the trends observed demonstrate a negative feedback from the nonthermal ISM regardless of the assumptions made to estimate B because similar correlations (over a wider dynamical range) hold with the synchrotron intensity S nt itself. If no CRE-B equipartition holds, B obtained will only represent a scaled version of S nt (as B∝ S 1 4 nt was used) and Figs. 4-a,c show a combined effect from CREs and B, i.e, from the nonthermal ISM. We also stress that γ-ray observations confirm the validity of the CRE-B equipartition for Σ SFR < 100 M ⊙ yr −1 kpc −2 [41] , and hence for the nuclear ring of NGC 1097 (with Σ SFR ≃ 2 M ⊙ yr −1 kpc −2 ).
Investigating further the role of the magnetic field in evolution of the GMAs, we determine the mass-to-magnetic flux ratio M/φ (≡ µ expressed in units of the critical value, µ 0 = (2π G 1/2 ) −1 [42] ) as a standard parameter assessing to what extent a static magnetic field can support a cloud against gravitational collapse. Clouds will not collapse due to self-gravity when µ < 1 (see e.g. [13, 43] ). By definition µ is given by the column density perpendicular to the sheet of matter in a flux tube, N ⊥ and the total magnetic field, B tot , in that tube (magnetically supported cloud), µ = N ⊥ /B tot . Generally, observed magnetic fields from the clouds are always smaller than the intrinsic total fields. Our synchrotron emissivity approach measures the plane-of-the sky component of B tot . Through a statistical study, [44] showed that B= 0.79 B tot , B 2 = 2/3 B 2 tot , and also the observed column gas density N obs = 2N ⊥ . Hence, we use N ⊥ = Σ H 2 /2, B tot = 1.3 B, and B 2 tot =1.5 B 2 calculating µ, β, and E b for the GMAs (see Table 1 ). We find that most narrow line GMAs (listed as Ni with i = 1, 2, ..., 11 in the Table) are magnetically critical as µ ≃ 1, and some slightly subcritical (N1, N4, and N10). The GMAs with lower densities have smaller µ and hence a larger magnetic support. A subcritical condition is particularly evident in the low density regions in the southern ring (e.g., those surrounding the N10 & N11 clumps, Fig. 2) . The N3 and N7 clumps which are the ring's densest and strongest in the HCN emission [25] have currently the least magnetic support in the ring. The broad line GMAs B1, B2, and B3 as well as the nucleus, Nu, which have σ v twice larger than the rest of the GMAs (we note that σ v represents not only the random dispersion but also the non-circular motions generated by shock fronts [24] which could be non-negligible for B1, B2, B3, and Nu, see e.g. [45] ) also appear as magnetically supercritical. We stress that according to a more realistic model, in which the magnetic flux tubes are differently loaded with mass, the critical M/φ should be larger by a factor of 2 [46] , based on which all the GMAs in this study fall into the subcritical picture. We also note that the synchrotron method can generally underestimate B in molecular clouds: Magnetic fields can be stronger by a factor of ∼100 based on CO polarization observations [47] magnifying their important impact.
As in the global ring case, the ISM at the GMA scale is Alfvénic, supersonic, and a low-β plasma with β <0.04, lower than that in the Milky-Way clouds [13] . The magnetically supported condition is continued and even enhanced in between the ring and nucleus due to its low gas density [24, 25] and relatively strong magnetic field (B∼ 40 µG).
Magnetic fields supporting the molecular clouds prevent collapse of gas to densities needed to form massive stars (that is ≥ 1g cm −2 [48] ). Accordingly, cloud fragmentation will continue to reach the regime for the low density gas to form many but low mass stars [48, 14] . In other words, high gas densities needed to account for the enhanced star formation are self-regulating: High gas densities in galaxy centers lead to strong magnetic fields which ultimately limit the efficiency of massive star formation while fostering enhanced low mass star formation. This is in favor of the central low-mass stellar population and big bulges observed in quenched galaxies.
Hence, this study unveils the role of the nonthermal ISM in quenching the massive star formation ✶ Figure 4 : Clouds with stronger magnetic fields are less efficient in forming massive stars. The massive star formation rate per free-fall, SFR ff , of the GMAs decreases with the magnetic field strength B (a) while it is uncorrelated with the turbulent velocity σ v (b). The blue and red points show the narrow-and broad-line GMAs, respectively. Strong non-circular motions/shocks in the broad-line GMAs can act as additional cause of the low SFR ff in these clouds. A longer time is needed to form massive stars in a stronger magnetic field, as the molecular gas depletion timescale τ d increases with B (c). We also note that no correlation holds between τ d and σ v (d). The vertical error bars show the uncertainties in SFR ff (a and b) and τ d (c and d) calculated by propagating the errors in Σ SFR , Σ H 2 , (and M H 2 for SFR ff ) given by [24] . The horizontal error bars show the uncertainties in B (a and c) representing both statistical and systematic uncertainties and σ v (b and d) given by [24] .
at the center of NGC 1097-a prototypical galaxy undergoing quenching. Observations in nearby galaxies shows that the synchrotron emission from the centers of the SMBH hosts is much stronger than that from their disks [e.g., 32, 49, 50] suggesting that a strong B is a general property of the SMBH-host galaxies. Thus, an effectively negative feedback from the nonthermal ISM could be common in quenched galaxies taking into account that almost all of them host a SMBH [17] . This prompts in-depth studies of the magnetized ISM in complete samples of galaxies being quenched and further evokes inclusion of the magnetic fields and cosmic rays in the galaxy evolution research. Such studies will be ideally possible in resolved and sensitive radio surveys of galaxies near and far with the forthcoming detectors and arrays such as the square kilometer array-SKA. Correspondence and requests for materials should be addressed to FST (email: ftaba@iac.es).
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Methods
To separate the thermal and nonthermal components of the RC emission, we used the thermal radio tracer (TRT) technique [32, 50, 51] , in which one of the hydrogen recombination lines (often Hα) is used as a free-free tracer. The results of the TRT method are more reliable and precise than those of the classical method, i.e., using only the radio data and assuming a fixed α nt (as it neglects variations in the CRE energy index [32, 50, 51] ). The HST observations of NGC 1097 enabled us to map the RC components using the de-reddened Hα (or the Paα) emission as the thermal tracer with unprecedented sensitivity. Narrow-band images including the Hα+[N ii]λ6548, 6584 blend and the Paα (1.87 µm) emission line were acquired with the Wide Field Camera 3 (WFC3, filter F657N) and the Near Infrared Camera and Multi-Object Spectrometer (NICMOS, filter F187N), respectively, onboard the HST. The reduced and flux-calibrated images were taken from the scientific archive and registered using seven pointlike clusters in the starburst ring as reference for the alignment following [52] . The continuum was estimated using a linear interpolation between the WFC3 broad-band filters F547M and F814W for the Hα image, and the NICMOS narrow-band filters F187N and F190N for the Paα image. The contribution of the [N ii] was subtracted using the [N ii]/Hα ratios given by [53] . The rms noise measured in dark regions of the Hα and Paα maps are 4.3× 10 −20 and 10 −18 erg s −1 cm −2 , respectively. A 5% systematic error due to calibration and continuum subtraction was also used in both images.
We used the RC data at 3.6 cm (8.45 GHz) taken with the Very Large Array (VLA) in DnC and CnB configurations (https://www.mpifr-bonn.mpg.de/atlasmag, [27] ). The total intensity map has an rms noise level of 9µJy per 2" beam and a systematic calibration uncertainty of 2%. The Hα and Paα images were normalized to the same geometry, grid size, and spatial resolution as of the RC data before the analysis.
The Hα (or Paα) emission was de-reddened using the Balmer-to-Paschen line ratio method. The extinction at the Hα wavelength, A Hα , was obtained following [54] for a Milky Way type redden-ing R v = 3.1 and an intrinsic Hα/Paα= 8.62 [55] . The intrinsic Hα emission was derived through I int Hα = I obs Hα 10 0.4 A Hα and then converted to the thermal free-free emission S ff assuming case B recombination following [32, 50, 51] . (Similarly, the Paα emission can be used instead of the Hα emission.) We calculated S ff at 3.6 cm (4.85 GHz) for all pixels in the observed area and constructed the nonthermal intensity S nt map following S nt = S RC − S ff , with S RC the observed RC intensity at 3.6 cm. The uncertainties were calculated by propagating the errors due to both statistical and systematic calibration errors leading to a mean uncertainty of 4% and 6% in the thermal and nonthermal maps, respectively.
We used the thermal RC emission to obtain the electron density n e . The thermal emission measure from an ionized gas is given by EM = n 2 e . dl = < n 2 e > L, with L the pathlength. The volumeaveraged electron density along the line of sight is given by < n e >= f < n 2 e >, with f the volume filling factor describing the fluctuations in n e , f ≡ <ne> ne , that is about 5% based on both Galactic and extra-galactic observations [31, 56] .
The strength of the total magnetic field B is derived using the nonthermal synchrotron intensity S nt and assuming equipartition between the energy densities of the magnetic field and cosmic rays (ε CR = ε B = B 2 /8π): B = C(α nt , K, L) S nt 1 α nt+3 , where C is a function of α nt , K the ratio between the number densities of cosmic ray protons and electrons (K ≃ 100, [57] ). B is obtained assuming that the magnetic field is parallel to the plane of the galaxy (inclination of i = 46 • and position angle of the major axis of PA=-45 • , [38] ) and α nt = 1. Assuming that B is fully isotropic results in an 8% reduction in the magnetic field strength in every location. As discussed earlier, α nt should be flatter in the star forming regions. We have shown that α nt ≃ 0.6 in star forming complexes in nearby galaxies [32, 51] , using which leads to a maximum 10% increase in B in the nuclear star forming clumps of NGC 1097. Both B and < n e > were calculated for L = 300 ± 35 pc that is the projected width of the nuclear ring. L is taken as the FWHM of a Gaussian fit at the ring position 7"< R <14" (see also [58] ) using the Hα data at its original resolution which is about the maximum size of the GMAs observed in CO(2-1) line emission with the Submillimeter Array [24] . [24] , the molecular gas mass surface density Σ H 2 (adopted for X CO = 1×10 20 cm −2 (K km s −1 ) −1 ), the turbulent velocity σ v = δV int / √ 8 ln2 with δV int the intrinsic CO(2-1) line width given by [24] , as well as the B and < n e > measurements averaged over the GMAs. Also shown are β = E th /E b and the mass-to-magnetic flux ratio µ in units of µ 0 = (2π G 1/2 ) −1 (see Sect. 2.2).
To investigate the efficiency of the GMAs in forming massive stars, we used the star formation per free-fall, SFR ff ≡ Σ SFR /Σ H 2 × t ff that is a dimensionless efficiency, SFR ff = SFE ×t ff with t ff = 4.7
Myr [59] with M = M H 2 given by [24] and adopted for X CO = 1 × 10 20 cm −2 (K km s −1 ) −1 . Figure 4 also compares the molecular gas depletion timescale τ d ≡ 1/SFE= Σ H 2 /Σ SFR of the GMAs.
Through the paper, the errors show both statistical and systematic uncertainties.
Data Availability Source data for figures 3 and 4 are provided in Table 1 . The thermal and nonthermal RC data are available from the corresponding author upon reasonable request.
